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EP 0 857 796 A2 

Description 

The present invention generally relates to an improved method of etching a cold wall chemical vapor deposition 
(hereinafter CVD) chamber and more particularly, relates to an improved method of in-situ cleaning a substantially 
5 moisture-free cold-wall CVD chamber by a low temperature and low pressure etching process utilizing a reactive gas 
of nitrogen trif luoride, chlorine trif luoride, sulfur hexaf luoride, carbon tetrafluoride or the like or mixtures thereof. 

References are made in this specification to pressures denominated in Torr. One unit of Torr is equivalent to 
1 .33322 x 10 2 N/M 2 and references to Torr should be understood accordingly. 

Recent technological advances in the increasing miniaturization of electronic circuits is made possible by advances 
io in semiconductor processing. Certain advanced processing techniques require exposing a semiconductor's structure 
to a reactant gas under carefully controlled conditions of elevated temperatures, sub-ambient pressures, and uniform 
reactant gas flow. The examples of such processes include low-pressure CVD, reduced-pressure CVD, and selective 
epitaxial deposition. 

Cold wall CVD systems have been used in recent years for the deposition of various semiconductor materials on 
15 silicon wafers. One of such low-pressure CVD system is a single-wafer cold-wall CVD system utilizing a high-through- 
put CVD chamber. More stringent standards of film quality and increasing wafer sizes utilized in recent years are divert- 
ing the equipment technology away from very large batch systems toward single-wafer processing. Such single-wafer 
processing equipment are being designed as a multichamber clustered integrated processing system incorporating the 
use of load-lock systems wherein a wafer can be transported from one single-wafer process chamber to another 
20 through a central load-lock system without breaking vacuum. 

A typical single-wafer cold-wall CVD chamber is radiantly heated to enable precise temperature control in the range 
from about 500°C to about 1 ,000°C. The wafer is mounted on a susceptor, which is a silicon carbide coated graphite 
disc, to receive uniform deposition of materials on the wafer surface. The susceptor may be rotated by a motor during 
deposition to further improve the uniformity of the coating. This type of thermal reactor for semiconductor processing 
25 provides for high-throughput, flexible thermal control, and process uniformity for large wafers at ambient and reduced 
pressures. 

Reactant gases enter the CVD chamber and produce films of various electronic materials on the surface of a water 
for various purposes such as for metalization layers, for dielectric layers, for insulation layers, etc. The various electronic 
materials deposited include epitaxial silicon, polysilicon, silicon nitride, silicon oxide, and refractory metals such as tita- 

30 nium, tungsten and their silicides. In these film deposition processes, most of the material from the reactive gases is 
deposited on the wafer surface. However, it is inevitable that a small amount of the material is deposited on heated sur- 
faces inside the chamber other than that of the wafer. This also occurs in a cold-wall CVD system in which the chamber 
wall is kept cool by the circulation of cooling air outside the chamber to avoid deposition of materials on the wall. 

It is therefore necessary after a certain number of deposition processes to clean the heated surface inside the 

35 chamber of deposited materials. These heated surfaces include the exposed surface of the susceptor, the surface of 
the preheat ring, and any other heated surfaces inside the chamber. 

Various in-situ cleaning methods have been developed for cleaning the chamber surface of a CVD system. These 
in-situ cleaning methods present an improvement over the conventional vet chemical cleaning method in which the 
components need to be disassembled and cleaned in strong acids resulting in great expenses of labor and downtime. 

40 Various in-situ chamber cleaning methods have been proposed by others. For instance, conventional silicon and 
polysilicon processes use hydrogen chloride gas (HCI) at high temperatures, i.e., in the range between 1,100°C to 
1 ,200°C, for chamber cleaning. Others have cleaned plasma chamber at low temperatures, i.e., less than 400°C with 
various chemistries. One of the cleaning gases used in these cleaning methods has been nitrogen trifluoride (NF 3 ). 
Nitrogen trifluoride when used at high temperatures or with a plasma is extremely aggressive and etches almost all 

45 materials in the chamber including quartz, silicon carbide, and all metals. Nitrogen trifluoride has also been used in hot- 
wall CVD systems without a plasma. However, the quartz chamber walls can be seriously etched and any moisture will 
significantly change the etching characteristics due to the formation of the extremely reactive hydrogen fluoride (HF). 

A prior-art method of using nitrogen trifluoride as an in-situ cleaning agent for cleaning CVD hardware is disclosed 
in published UK Patent Application GB2183204A. Nitrogen trifluoride was introduced into a heated CVD reactor under 

so a partial pressure for a period of time sufficient to clean the deposited films of material. The temperature of the heated 
chamber for cleaning was between 380°C and 500°C and the pressure of pure nitrogen trifluoride gas used was 
between 200 and 600 Torr. The publication suggested that, since nitrogen trifluoride is highly toxic and explosive under 
pressure, it is desirable to use lover pressures of nitrogen trifluoride for health, safety and environmental reasons even 
though only unacceptably low etch rates can be realized at such low chamber pressures. It is noted that the tempera- 

55 ture range disclosed by the publication is very low, i.e. 380°C~500°C. This is necessitated by the fact that moisture was 
present in the chamber which contributed to the formation of hydrogen fluoride. The lover temperature range was nec- 
essary to contain the reactivity of hydrogen fluoride In order to reduce the etching damage to the chamber hardware. 
EP-A-0 354 853 discloses a plasma CVD apparatus for producing an amorphous silicon photodiode in which, prior 
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to the formation of an amorphous silicon film, the inside of the CVD apparatus is cleaned to remove residual carbon 
compound using a plasma etching process. The etching gas may be nitrogen tnfluoride or carbon tetraf luoride but since 
the latter gas contains carbon, it is also necessary to carry out a first plasma etching process using a mixture of carbon 
tetraf luoride and oxygen and a second plasma etching process using an oxygen gas only for a relatively long time. 
5 WO 86/06687 discloses an electrode structure for a plasma deposition apparatus on which is located in an LPCVD 

tube or RPE bell jar and an etching gas introduced to create a plasma to effect cleaning of deposited material from the 
inner wall of the tube or jar. A number of etching gases are proposed including carbon tetrafluoride or nitrogen trif luo- 
ride. L . . 

FR-A-2 465 791 discloses a thermal cleaning process for a CVD reactor using a dry etching gas such as hydrogen 

w fluoride. 

It is therefore an object of the present invention to provide a method of in-situ cleaning a cold-wall CVD chamber 
by a reactive gas that does not have the shortcomings of conventional wet chemical cleaning methods. 

It is another object of the present invention to provide a method of in-situ cleaning a cold-wall CVD chamber with a 
reactive gas at a sufficiently low pressure while maintaining a satisfactory etch rate. 
is It is a further object of the present invention to provide a method of in-situ cleaning a cold-wall CVD chamber with 

a reactive gas by providing a substantially moisture-free chamber environment such that a reactive gas at a sufficiently 
low pressure may be used while maintaining a satisfactory etch rate. 

It is another further object of the present invention to provide an etchant gas system for in-situ cleaning of a cold- 
wall CVD chamber which can be used at low chamber pressures and low chamber temperatures in a substantially mois- 
20 ture-free environment to achieve a high etch rate. 

This invention provides a method of cleaning a chemical vapor deposition chamber using a reactive etching gas 

comprising the steps of: 

determining when a moisture content of said chamber is less than 10 parts per million by volume at a predeter- 
25 mined chamber pressure of less than 150 Torr and a predetermined chamber temperature of less than about 
775°C; and 

applying at least one reactive gas selected from the group consisting of nitrogen trifluoride. chlorine trif luonde. sul- 
fur hexaf luoride and carbon tetrafluoride to a deposited film. 

30 The invention also provides an apparatus for cleaning a chemical vapor deposition chamber having: 

means for providing an environment inside said chamber that is substantially moisture-free, having a water content 
of less than 10 PPM by volume, for a period of time sufficient to clean a deposited film from said chamber; 
a gas inlet for providing to said chamber at least one reactive gas selected from the group consisting of nitrogen 
35 trifluoride. chlorine trifluoride. sulfur hexafluoride and carbon tetrafluoride; and 

a detector within an interior of the chamber for measuring the moisture content of said chamber. 

Other objects, features and advantages of the present invention will become apparent upon consideration of the 
specification and the appended drawings, in which: 
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Figure 1 is a cross-sectional view of a typical single wafer, cold-wall CVD apparatus. 

Figure 2 is a graph showing etch rate as a function of etching temperatures for nitrogen trifluoride and chlorine tri- 
fluoride. 



The present invention discloses an improved method of utilizing a reactive etchant gas for the in-situ cleaning of a 
cold-wall CVD chamber which has a substantially moisture-free environment. 

Referring initially to Figure 1, a cross-sectional view of a typical single-wafer, cold-wall CVD apparatus is shown. 
The figure shows a thermal reactor 10 for processing semiconductor wafers has a housing 12, a double-dome reactor 
so vessel 1 4 principally made of quartz that defines a reactor chamber 1 6, a gas inlet manifold 1 8, a gas exhaust manifold 
26, a radiant heating system 20, a drive assembly 22, a susceptor 24. and a preheat ring 28. The illustrated reactor 10 
does not use a plasma for either deposition or cleaning. The double-dome reactor vessel 14 includes a top dome 30 
and a bottom dome 32, of quartz which are cooled by circulating cooling air such that a cold wall, i.e. at 100~200°C, is 
maintained. The drive assembly 22 is coupled to a motor (not shown) to rotate the susceptor 24 during the deposition 
55 process to enhance coating uniformity for the wafer supported on top of the susceptor 24. The cold wall is an important 
feature of the present single-wafer system since it prevents the deposition of semiconductor materials on the wall during 
chamber cleaning. . 

After repeated deposition processes are conducted in chamber 16, the top surfaces of the circumferential edge of 
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the susceptor 24 and the preheat ring 28 are covered with a film of the deposited material. The susceptor 24 is usually 
constructed of a thin plate for low thermal mass and a surrounding rim for rigidity. The diameter of a susceptor in a typ- 
ical reaction vessel is approximately 9 inches (240 mm) while the diameters of wafers being coated are normally 6 or 8 
inches (1 50 or 200 mm). A circumferential area is therefore exposed to the depositing semiconductor material. The sus- 

s ceptor 24 is typically made of graphite and coated with a silicon carbide coating ouch that it can be heated up to the 
deposition temperature without significant contamination. 

The preheat ring 28 substantially seals the gap between the susceptor and the quartz liner 34 of the reactor vessel 
1 4 to control the heat loss from the edge of the susceptor. The preheat ring 28 is made of graphite material coated with 
silicon carbide for absorbing radiant heat from heaters 20. A quartz preheat ring can also be used. The top surface 36 

10 of the preheat ring 28 is exposed to the depositing material and therefore accumulates a film of such material due to 
the fact that the ring is heated to the deposition temperature. 

It has been observed that after a sufficient number of deposition processes, i.e. about 25-75 processes for most 
materials, a film of sufficient thickness in the range between 1 to 5 micrometers builds up on the susceptor and the pre- 
heat ring. These unwanted films, if not cleaned or etched away, can impede the heating efficiency of the graphite parts. 

75 These unwanted films may also become sources of contamination and disrupt the process integrity. 

By using the present improved method of in-situ cleaning, films of various materials such as epitaxial silicon, poly- 
silicon, silicon nitride, silicon oxide, refractory metals of titanium, tungsten and their silicides can be effectively etched 
away. 

It was discovered that an effective way to overcome the shortcomings of the prior art method is to make the reactor 
20 chamber substantially moisture-free. By substantially moisture-free, is meant an environment that has a moisture con- 
tent of less than 10 parts per million (PPM) by volume. Although an environment that has a moisture content of less 
than 2 PPM by volume is more preferred. 

The moisture content of a reactor chamber can be measured by a typical residual gas analyzer technique used for 
vacuum systems. One of such analyzer utilized in the present work is Inficon Quadrex 200, Model #901-002-G1 which 
25 is manufactured by the Leybold Inficon Co. of East Syracuse, N Y. 

A substantially moisture-free environment is achievable in a reactor chamber equipped with a load-lock transfer 
system. In such a system, a wafer can be transported from one single-wafer process chamber or module to another 
through a central load-lock system without breaking vacuum. One such system for CVD deposition is supplied by the 
Applied Materials Corporation in Santa Clara. California under the trademark of Centura® HT Poly. 
30 A substantially moisture-free environment minimizes the possibility of any formation of hydrogen fluoride which is 
extremely reactive with quartz components used in the reactor chamber. Its reactivity is higher at higher temperatures. 
It has been observed that at a moisture content of 10 PPM and at a chamber temperature of 500°C, the quartz wall of 
a CVD chamber is severely etched. 

The novel method of in-situ cleaning a CVD chamber achieves a synergistic result when carried out in a substan- 
35 tially moisture-free environment and at a suitable reaction temperature which is higher than that disclosed by prior art. 
The synergism achieved by these unique processing conditions enables one to utilize reactive gases at very low pres- 
sure while maintaining a satisfactory etch rate. The resulting low pressure of the reactive gases used overcomes the 
shortcomings of the prior-art method. The prior art discloses that in order to maintain an acceptable etch rate, high gas 
pressure must be used which causes health, safety and environmental problems. Even at such high gas pressures, the 
40 etch rate achieved by the prior-art method is lower than that achieved by the present invention. 

A series of etch tests were conducted on films of silicon nitride, silicon oxide, and polysilicon by using nitrogen trif- 
luoride. chlorine trif luoride, sulfur hexafluoride and carbon tetraf luoride gases. 

Table I shows test results obtained by using nitrogen trif luoride at various chamber temperatures and various cham- 
ber pressures. The moisture content of the chamber in all tests is below 1 PPM. It should be noted that the chamber 
45 temperature indicated is the temperature measured at the surface of a susceptor. An inert gas of nitrogen was used in 
these tests as a carrier gas. However, other inert gases such as helium, argon or the like can also be used. 



TABLE I 
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650 


20 
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100/1,000 


10 
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12 
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650 


20 
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200/1,000 


20 


22 
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650 


100 
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100/1.000 


10 


148 


92 


203 
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TABLE I (continued) 





Test# 


T(°C) 


P(Torr) 


Time (Min) 


Flow Rate (seem) 


Vol % NF 3 


Etch Rate (A/MIn) 












NF 3 /N 2 










5 














Nitride 


Oxide 


roiy 




4 


650 


100 


1 


200/1,000 


20 


282 








5 


700 


20 


1 


100/1,000 


10 


48 


19 


OA 

20 




6 


700 


100 


1 


100/1 ,000 


10 


556 




coo 
ooo 


10 


7 


700 


100 


0.5 


150/1.000 


15 


1174 


714 


826 




8 


700 


100 


0.5 


200/1 ,000 


20 


1 178 


888 


936 




9 


725 


100 


0.5 


100/1,000 


10 


1092 


600 


4 ACQ 

1058 


15 


10 


750 


12 


1 


50/10,000 


.5 


8 


1 


58 




11 


750 


20 


1 


50/10,000 


.5 


43 


14 


2 




12 


750 


20 


1 


50/5.000 


1 


94 


10 


109 




13 


750 


20 


1 


100/5,000 


2 


28 


24 


35 


20 


14 


750 








10 


342 


72 


305 




15 


750 


100 




50/10,000 


.5 


309 


160 


389 




16 


750 


100 


0.5 


100/1,000 


10 


1714 


1312 


1808 


25 


17 


750 


100 


0.25 


150/1,000 


15 


2440 


1984 


2788 




18 


750 


100 


0.25 


200/1,000 


20 


3100 


2332 


3376 




19 


775 


100 


0.5 


100/1,000 


10 


2564 


1974 


2682 



The test results in Table I indicate that nitrogen trifluoride is an effective etchant gas for cleaning cold-wall CVD 
chambers even at a low temperature of 650°C and a low pressure of 1 2 Torr. The required cleaning time at various tem- 
peratures and pressures is in the range between 0.25 minutes to 1 minute. The tests were conducted at various volu- 
metric flow rate ratios between the etchant gas NF 3 and the carrier gas N 2 . Higher temperatures than 775°C and higher 

35 pressures than 100 Torr may also be used to achieve a desirable etch rate. 

Tests #1 through #4 were conducted at a chamber temperature of 650°C and at two different chamber pressures 
of 20 and 100 Torr for a cleaning time of 1 minute. It is seen that, when the flow rate of NF 3 is increased such that the 
total volume percent of NF 3 reaches 20%, the etch rates, in most cases, also increase. Even higher flow rates of NF 3 
have been used to obtain total volume percent of NF 3 higher than 20% to achieve equally satisfactory results. 

40 Tests #5 through #8 were conducted at a chamber temperature of 700°C and at two chamber pressures of 20 and 
100 Torr for a cleaning time of 1 and 0.5 minutes, respectively. It is seen that at the same temperature, time period and 
flow rate ratio, increasing the chamber pressure from 20 to 100 Torr (Test #5 and Test #6), resulted in a drastic increase 
in etch rates for all three films. Increasing the flow rate ratio alone, i.e. from 15 volume percent NF 3 (Test #7) to 20 vol- 
ume percent NF 3 (Test #8), only a minimal effect on the etch rate for all three deposited films was observed. 

45 Tent #9 was conducted at 725°C and 100 Torr for 0.5 minute. The etch rates obtained on the films were similar to 
that obtained in Test #7 indicating that the effect of increasing the temperature by 25°C is approximately offset by the 
reduction in volume percent of NF 3 by 5%. 

Tests #10 through #18 were conducted at a chamber temperature of 750° C, at three different chamber pressures 
of 12, 20 and 100 Torr, and at three different cleaning time periods of 0.25, 0.5 and 1 minute, respectively. The general 

so trend of the effect of temperature, pressure, cleaning time, and flow rate ratio on the etch rate is observed. For instance, 
Tests #1 0, #1 1 and #1 5 indicate that at a constant chamber temperature of 750°C, a constant cleaning time of 1 minute, 
and a constant volume percent NF 3 of .005, the etch rate increases drastically as the chamber pressure is increased 
from 12 to 20 and then to 100 Torr. It should be noted that due to equipment limitations, data accuracy at very low etch 
rates is not as good as that at higher etch rates. Test data obtained at a constant chamber temperature of 750°C, a con- 

55 stant chamber pressure of 20 Torr, and a constant cleaning time of 1 minute (Tests #11, #12. #13 and #14) indicates 
that the etch rate is directly proportional to the volume percent of NF 3 . A similar etch rate dependency on the volume 
percent of NF 3 is also observed in Tests #1 6, #17 and #18. 

Test #19 was conducted at a temperature of 775°C. 100 Torr, 0.5 minute cleaning time and a volume percent NF 3 
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of 0. 1 . When compared to data obtained in Test #1 6, it is seen that the etch rates for the three films are improved due 
to the higher chamber temperature used, i.e. 775°C vs. 750°C. 

Table i clearly shows that a greatly improved and synergistic result is achieved by the present cleaning method 
when compared to that disclosed by the prior art method. By combining two unexpected and unique process conditions, 

s i.e. a moisture-free chamber environment and a higher than prior-art chamber temperature, greatly improved etch rates 
are achieved at very low chamber pressures. The present improved cleaning method therefore enables one to effec- 
tively carry out a cold-wall CVD chamber cleaning process at a satisfactory etch rate while substantially eliminates 
health, safety, and environmental concerns. 

Table II presents data obtained at various chamber temperatures, various chamber pressures, various cleaning 

10 time periods and various volume percentages for the cleaning gas chlorine trif luoride (CIF 3 ). The moisture content of 
the chamber in all tests is below 1 PPM. 



TABLE II 
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Nitride 


Oxide 


Poly 


20 


550 


20 


1 


50/750 


7 


195 






21 


600 


20 


1 


50/750 


7 


455 






22 


600 


20 


3 


50/750 


7 


420 






23 


600 


20 


.17 


100/10.000 


1 


678 


270 


1836 


24 


600 


20 


-17 


100/5.000 


2 


1038 


444 




25 


600 


20 


.17 


100/1.000 


10 


1500 


594 




26 


600 


20 


.17 


200/1,000 


20 


1950 


1464 


11,430 


27 


625 


20 


.17 


100/10,000 


1 


1038 


588 


1866 


28 


625 


20 


.17 


100/1,000 


10 


1482 


978 


4164 


29 


650 


20 


3 


50/750 


7 


425 






30 


650 


20 


3 


100/750 


14 


474 






31 


650 


20 


1 


100/1,000 


10 


1929 






32 


650 


20 


.25 


100/1.000 


10 


1960 


1700 


6908 


33 


650 


20 


.17 


100/10.000 


1 


1536 


900 


4314 


34 


650 


20 


.17 


100/5.000 


2 




1776 




35 


650 


20 


.17 


100/1.000 


10 


3030 


1974 





It was discovered that etchant gas CIF 3 can be used at a lower chamber temperature and at a lower chamber pres- 
45 sure than that used for NF 3 . For instance, Test #20 indicates that even at a low chamber temperature of 550°C and a 
low chamber pressure of 20 Torr, nitride films can be etched at 7 vol % CIF 3 . Overall, CIF 3 has a high aelectivity of poly- 
silicon films over nitride films. It should be noted that the present improved cleaning process also works at chamber 
temperatures below 550°C. even though temperatures above 550°C are more preferred. A chamber pressure between 
5 to 50 Torr can be suitable used. 
so Tests #21 and #22 indicate data obtained at 600°C chamber temperature, 20 Torr chamber pressure and 7 vol % 
CIF 3 , increasing the cleaning time from 1 minute to 3 minutes has no effect on etch rate for nitride films. This is probably 
attributed to the extreme low flow rate and the resulting low volume percent of CIF 3 . 

Data obtained in Tests #23~#26 indicate that at a constant chamber temperature of 600°C, a constant chamber 
pressure of 20 Torr, and a constant cleaning time of . 1 7 minute, increasing the volume percent CIF 3 increases the etch 
55 rates for all three films. It should also be noted that in comparing Test #25 with Test #1 in Table I, it is noted that the etch 
rate of CIF 3 is significantly higher than that of NF 3 even when the CIF 3 etching is conducted at a lower chamber tem- 
perature and for a shorter cleaning time period. 

Tests #27 and #28 were conducted at a higher chamber temperature of 625°C. Comparing Test #27 with Test #23. 
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it is seen that increasing chamber temperature by 25°C has a positive effect on etch rates for ail three films. 

Tests #29 through #35 were conducted at a constant chamber temperature of 650°C and at a constant chamber 
pressure of 20 Torr. When comparing data obtained in Test #29, #30, #31 and #32. it is noticed that volume percent CIF 3 
has a more pronounced effect on the etch rates for all three films than that of the etch time period. For tests conducted 
at the same temperature, same pressure and same time period (Tests #33 through #35), the etch rates for ail three films 
are directly proportional to the volume percent of CIF 3 . 

Test data obtained by using etchant gases of NF 3 and CIF 3 are also presented in Figure 2. It is seen that at least 
for silicon nitride and polysilicon films, CIF 3 is more efficient as an etchant gas than NF 3 . It is also noted that the etch 
rate of CIF 3 on polysilicon films is extremely high. This is an advantage made possible by the present invention in that 
it affords CIF 3 a high selectivity between polysilicon films and silicon nitride films. 

It should be noted that Figure 2 indicates that the effective etching temperature and pressure of CIF 3 i.e. 
600~650 W C and 20-100 Torr coincide with the normal deposition temperature and pressure for polysilicon. This 
presents another processing advantage made possible by the present invention in that in-situ cleaning can be effec- 
tively carried out at the same chamber temperature and the same chamber pressure used for deposition without the 
necessity of making any changes. This saves a significant amount of downtime normally required for in-situ cleaning 
where the chamber temperature must be changed from a deposition temperature to a cleaning temperature. 

For NF 3 , Figure 2 indicates that etch rates for both silicon nitride films and polysilicon films are essentially the same. 
Furthermore, the etching temperature and pressure required for silicon nitride film, i.e. about 700~750°C and about 
20-100 Torr are approximately the same for the deposition process of such films. This further presents a processing 
advantage made possible by the present invention in that the chamber temperature can remain constant for both the 
deposition process and the cleaning process of silicon nitride films. 

While specific data on etchant gases of sulfur hexafluoride and carbon tetraf luoride is not presented, these gases 
have been used successfully in the etching of various films of semiconductor materials in a wide temperature end pres- 
sure range. Similar to NF 3 and CIF 3 . sulfur hexafluoride and carbon tetraf luoride also disassociate it higher tempera- 
tures to produce free fluorine to etch. It has been found that the etch rates achieved by using SF 6 end CF 4 are lover 
than those achieved by using NF 3 or CIF 3 at the same etch temperature. 

it should be emphasized that the present improved CVD chamber cleaning method enables one to customize an 
etchant gas chemistry and parameters to the specific deposition conditions of a semiconductor film. This includes appli- 
cations in which reactive gases are mixed together in order to customize the etching temperature and pressure to a spe- 
cific semiconductor film material end thus reduces or eliminates downtime for cleaning. 

The novel CVD chamber cleaning method his been demonstrated is an effective end advantageous process for 
cleaning various semiconductor films, i.e. films of silicon nitride, polysilicon, silicon oxide and epitaxial silicon from a 
cold-will CVD chamber. Examples of other semiconductor films that can be cleaned by the present method include tita- 
nium, tungsten, titanium silicide, tungsten silicide or the like. 

While the present invention has been described in an illustrative manner, it should be understood that the terminol- 
ogy used is intended to be in a nature of words of description rather than of limitation. 

Furthermore, while the present invention has been described in terms of several preferred embodiments thereof, it 
is to be appreciated that those skilled in the art will readily apply these teachings to other possible variations of the 
invention. For instance, etchant gases other than nitrogen trif luoride, chlorine trif luoride, sulfur hexafluoride and carbon 
tetrafluoride can be used which are equally effective in achieving the desirible result of the present invention. 

Claims 

1 . An apparatus for plasma-less cleaning of a plasma-enhanced chemical vapor deposition chamber, comprising: 

pumping means for providing an environment inside said chamber that is substantially moisture-free, having a 
water content of less than 10 PPM by volume, for a period of time sufficient to clean a deposited film from said 
chamber; 

a gas inlet for providing to said chamber at least one reactive gas selected from the group consisting of nitro- 
gen trif luoride, chlorine trifluoride, sulfur hexafluoride and carbon tetrafluoride; and 

a detector within an interior of said chamber, said detector having a channel for the detection of the water con- 
tent of said chamber, said detector further employing a feedback to said pumping means for the maintenance 
of said moisture-free environment, 

such that said detector may be operated at least a portion of the time that the gas inlet is providing gas to said 
chamber, 

and such that cleaning of said chamber may occur without the need for causing a plasma within said chamber, 
whereby damage to the walls of said chamber during cleaning is substantially minimized. 
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2. An apparatus according to claim 1 , wherein said deposited film is formed of a semiconductor material. 

3. An apparatus according to claim 2, wherein said deposited film is formed of a material selected from the group con- 
sisting of silicon nitride, silicon oxide, polysilicon, epitaxial silicon, titanium, tungsten, titanium silicide and tungsten 

5 silicide. 

4. An apparatus according to any of claims 1 to 16, wherein said period of time sufficient to clean the deposited film 
from said chamber is less than or equal to 4 minutes. 

10 5. An apparatus according to any of claims 1 to 4, wherein said at least one reactive gas is nitrogen trifluoride. 

6. An apparatus according to any one of claims 1 to 5, wherein said at least one reactive gas is chlorine trifluoride. 

7. An apparatus according to any of claims 1 to 5, wherein said at least one reactive gas is sulfur hexafluoride. 

15 

8. An apparatus according to any one of claims 1 to 5. wherein said at least one reactive gas is carbon tetraf luoride. 

9. An apparatus according to any of claims 1 to 8, wherein said chemical vapor deposition chamber is a cold-wall CVD 
chamber. 
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